Background: Paragangliomas are rare, usually benign tumors of neural crest origin. They account for only 0.6% of all head and neck tumors. In the craniocervical area, they are more common in the carotid body and tympanico-jugular regions. To the authors' knowledge, a case of paraganglioma in Meckel's cave has not yet been reported in the medical literature. The pathogenesis and natural history of paragangliomas are still not well understood. We present a case of recurrent paraganglioma in Meckel's cave. Case Description: A 53-year-old woman was diagnosed with trigeminal neuralgia, dysesthesia and hypoesthesia on the left side of the face, hearing disturbance and a history of chronic, persistent temporal headaches. Magnetic resonance imaging (MRI) showed a lesion located in Meckel's cave on the left side, extending to the posterior cranial fossa and compressing the left cerebral peduncle. The lesion was first thought to be a recurrence of an atypical meningioma, as the pathologist described it in the tissue specimen resected 3 years earlier, and a decision for reoperation was made. A lateral suboccipital approach to the lesion was used under neuronavigational guidance. The tumor was removed, and histological examination proved the lesion to be a paraganglioma. Five months later, the follow-up MRI showed local regrowth, which required subsequent surgical intervention. Conclusions: A paraganglioma in Meckel's cave is an uncommon tumor in this location. Although ectopic paragangliomas have been described in the literature, a paraganglioma atypically located in Meckel's cave makes a topographic correlation difficult, mainly because paraganglionic cells are usually not found in Meckel's cave. Another peculiarity of the case is the local recurrence of the tumor in a relatively short time despite an attempted, almost gross total resection.
INTRODUCTION
The vast majority of paragangliomas present as spinal intradural tumors in the cauda equina region. Paragangliomas or glomus tumors are rare tumors of the head and neck. They usually occur in the fifth and sixth decade of life. They may be sporadic or familial, and solitary or multicentric, although they most commonly appear solitarily. [11, 13, 41, 74] They account for only 0.6% of all head and neck tumors. [73] They are more common in Caucasians [21] and occur more frequently in women. [13, 21, 41] Paraganglia are clusters of neuroendocrine cells dispersed throughout the body, and connected with the autonomic nervous system. [11] The largest collection of these cells is found in the adrenal medulla, where they give rise to pheochromocytomas. [11] Extra-adrenal paragangliomas develop in two general locations: paravertebral paraganglia, close to the spinal cord, and paraganglia close to, occasionally touching, the large vessels of the head and neck. The former distinction into chromaffin and non-chromaffin paragangliomas has been abandoned since the reaction of tumor cells with chromic acid does not reliably reflect their functional activity, i.e., catecholamine secretion. The fact that the tumor cells arise from paraganglionic cells explains, and also indicates, their site and origin. [2, 30, 35, 41, 49, 57, 64, 67, 68, 74] More than 90% of paragangliomas in the cranial cavity occur in the jugular foramen. [73] Magnetic resonance imaging (MRI) is the procedure of choice. Radiologically, the lesion usually appears as a well-limited, circumscribed mass. It occasionally contains cystic compartments. After administration of contrast media, the lesion enhances markedly. The low-intensity rim, the so-called "cap sign", seen well in T2-weighted images, which reflects the architecture of serpentine-like, elastic vessels around the Zellballen areas, is considered diagnostically helpful. Nevertheless, paragangliomas may be confused with meningiomas and schwannomas, but they can be distinguished from these by examining pre-operative radiographic imaging meticulously. [9, 13] We present a case of paraganglioma in Meckel's cave that is atypical with regard to its location as well as to its multiple local recurrences.
CASE REPORT
A 53-year-old woman was admitted to the clinic with a 2-month history of trigeminal neuralgia, dysesthesia and hypoesthesia in the left side of the face, combined with a lengthy history of persistent temporal headaches and a progressive hearing problem. An MRI revealed a tumor in the left Meckel's cave, with partial compression of the trigeminal nerve and extension to the posterior cranial fossa [ Figure 1a] . A temporobasal craniotomy was performed and the lesion was completely removed. The histological pattern of the specimen was classified initially as an atypical meningioma (WHO grade II) in 2005. Two years later, in 2007, a follow-up MRI showed a contrastenhanced lesion, a seemingly recurrent meningioma mass in Meckel's cave. A local stereotactic radiotherapy (10 × 4 Gy) was applied. However, the patient was readmitted to the hospital 1 year later, in 2008, because of progressive clinical disturbance and increased volume of the lesion seen in follow-up MRI scans [ Figure 1b] , and a decision for re-operation was made. A left lateral suboccipital approach was used under neuronavigational guidance. The tumor was almost completely removed. The histopathologic examination of the specimen [ Figure 2a -f] showed fragments of well-organized, compacted and nested epitheloid cells of the tumor dispersed in lobules (Zellballen architecture, composed 
Immunohistochemistry
In addition to the examination of hematoxylin and eosin-stained tumor tissue [ Figure 2a and b], an immunohistochemistry investigation was performed. Several markers, including neuron-specific enolase (NSE), synaptophysin, neurofilament (NF) proteins, chromogranin A, Gomori reticulin stain, and S-100 protein, were used to identify immunohistochemical features of the tumor. NSE immunoreactivity was strongly positive [ 
Electron microscopy studies
It was decided to confirm further the diagnosis of paraganglioma using an electron microscopic (EM) examination. For this purpose, a transmission electron microscopy study was carried out in specific areas of the formalin-fixed, paraffin-embedded blocks, using a modified protocol of previously described various methods. [12, 36, 61] The areas that were rich in chief cells as identified by immunohistochemistry and light microscopy were marked on the surface of the paraffin-embedded blocks. In these marked areas, tissue fragments of 1 mm 3 were cut with a sharp razor blade. Samples of 1 mm 3 that were cut out were deparaffinized using toluene solution at room temperature for 90 minutes. The specimens were transferred to an absolute alcohol solution, and after a reprocessing protocol, the re-embedded epon blocks of the tissue pieces were sectioned and ultrathin sections of 400-600 Å were obtained using an ultramicrotome (LKB Ultramicrotome, Stockholm, Sweden). Thick sections were stained with toluidine blue and examined. The 
DISCUSSION
The tumors encountered most frequently within Meckel's cave are adenoid cystic carcinoma, meningioma, and schwannoma. [25] Only a few cases of supratentorial paraganglioma have been reported in the international literature. In one of the largest investigated series, 71 patients with paragangliomas of the craniocervical region, there was a notable trend of local recurrence. [32] These rare tumors have been found mainly in the middle cranial fossa -cavernous sinus, sphenoid ridge, and also, some in the parasellar region. [2, 30, 56, 57, 69] The presence of a paraganglioma in Meckel's cave is likely an indication of its ectopic origin.
It is known that paraganglionic cells are derived from embryonic cells of the neural crest. [34, 62] The neural crest is the major source of mesenchymal cells in the head and neck, and in addition, gives rise to sensory ganglia, autonomic and enteric ganglia, as well as to pigment cells of the skin. [62] Endocrine tissues, including adrenomedullary cells and adrenergic paraganglia, also calcitonin parafollicular cells of the thyroid gland and carotid body, are derived from the neural crest. [34, 62] Leptomeninges and Schwann's sheath cells, which give rise to meningiomas and schwannomas, respectively, are also derivatives of the neural crest. [62] Despite the morphological differences between these tumors and paragangliomas, the possibility of their coexistence can be connected to the same embryonic origin. A common embryonic origin of two morphologically completely different tumors, but having the same embryonic background, can also be shown in cases describing the coexistence of a meningioma with a pheochromocytoma. [34] These entities have been defined as "neurocristopathies", originally defined in 1974 as a category of diseases arising from neural crest development. [5, 6] On the other hand, Tong et al. used the term paraganglioma-like meningioma and reported four cases in ultrastructural and immunohistochemical studies, exhibiting the possible morphological similarity of meningioma and paraganglioma in single cases. [64] Ectopic locations of paraganglioma have been reported. For example, Nielsen et al. described a case of paraganglioma in the tongue. [43] Another unusual location of paraganglioma was found by Yamuchi et al., who described a paraganglioma in the frontal skull base connected to the sphenoid ridge. [73] As an explanation, it was suggested that paraganglionic cells strayed to the sphenoid ridge following the endothelium of the middle meningeal artery and external carotid artery whose rich innervations derive from the superior cervical ganglion. From an anatomical point of view, the tumor in our patient may have originated from parasympathetic paraganglionic cells along the lesser petrosal nerve, or from sympathetic paraganglionic cells in the walls of arteries, or in the external and deep petrosal nerves. Anatomically, the lesser petrosal nerve is composed of fibers from three cranial nerves: the tympanic branch of the glossopharyngeal nerve, the nervus intermedius of the facial nerve, and the auricular branch of the vagus nerve. [23] The sympathetic nerve fibers, originating in the superior cervical ganglion, travel along the external carotid artery, follow the maxillary and middle meningeal arteries and pass through the foramen spinosum, which is close to Meckel's cave. The external and deep petrosal nerves are simply intracranial extensions of the cervical sympathetic trunk. [65] Ultimately, so-called ectopic paraganglioma is an unusual pathological entity even though there may be considerations as to why paraganglioma may appear in Meckel´s cave, and the term "ectopic location" is still not accepted by all. [19, 35, 75] Conventional methods for EM examination include immediate fixation of small pieces of tumor tissue in 2.5% cacodylate buffered glutaraldehyde solution, post-fixation in 1% osmic acid for an hour, dehydration through a graded series of alcohol and embedding it in Epon 812. [50] As in the present case this procedure was not initially feasible, the formalin-fixed, paraffin-embedded tissue was used for EM. There are various techniques for reembedding of formaldehyde-fixed paraffin-embedded material for EM investigation. [12, 58, 70] Formaldehyde is not as useful as glutaraldehyde for ultrastructural investigation since it leads to lipid extraction during re-embedding, and subsequently, structural damages and weak contrast. Mitochondria, polyribosomes, and microtubules are among the organelles that exhibit various degrees of degradation in re-processed paraffinembedded tissue. However, accurate sampling of highly specific tissue areas from large complex lesions can reliably be performed using archival paraffin-embedded material. [12] In our case, the EM quality approached that of material immediately processed for EM. Hence, it was possible to recognize clearly neurosecretory granules of the chief cells.
Cur rent trends in the management of paragangliomas
In the last decades, various treatment concepts for paragangliomas of the head and neck region have been introduced and implemented. They include observation, microsurgery with or without selective endovascular embolization, conventional radiotherapy, and stereotactic radiosurgery (SRS) using tools such as the Leksell Gamma Knife or linear accelerator (Linac)-based CyberKnife. [4, 10, 24, 54, 55] In order to achieve better quality of microsurgical tumor resection, and consequently prolonged survival, these procedures have also been used in combination with staged stereotactic radiosurgery following tailored surgery. [40, 72] Microsurgical removal is the generally accepted procedure of choice for the treatment of patients with non-infiltrative paragangliomas, in the same way as for other truly benign brain tumors. The beneficial effects of microsurgical management seem to be related to normal life spans and avoiding the possible risks of long-term adverse effects of irradiation (>15 years), including tumor regrowth and radiation-induced neoplasms, although these issues remain in debate in the medical literature. [29, 33, 48] However, the morbidity and mortality ratio of surgery may be high because of close proximity of the tumor to cranial nerves and vascular structures. Radical resection is almost impossible without sacrifice of one or more cranial nerves. [45, 48] Additionally, the vascular nature of paraganglioma itself may make the surgery complicated. Multicentric paragangliomas represent another difficulty in the treatment of paragangliomas. [51] Due to the high risk associated with surgery, some authors recommend radiation therapy as the initial treatment for paragangliomas. [48] Many reports appeared recently in the medical literature regarding promising results shown with the use of irradiation/stereotactic radiosurgery in the treatment of neck and some head paragangliomas, with a mean/ median of 4-13 years of follow-up including large case series. [4, [15] [16] [17] [18] 20, 22, 31, 37, 39, 47, 54, 66] These results have been found to be equally positive as, or even better than, surgery. In these studies, irradiation/stereotactic radiosurgery has been used as the primary treatment, after surgery for residual or recurrent tumors or following embolization. Radiosurgery was also found to be effective in reducing the catecholamine secreting capacity of paraganglioma. However, there is some controversy about the use of radiation for treatment of paragangliomas because of the presence of persistent chief cells years after treatment. [8, 52] The volume of tumors usually ranges from 0.38 to 33.5 cm3 in patients treated using SRS. [14, 15, 54] Although SRS has been used as primary management modality because it is an effective alternative to surgery, there are some patient selection criteria for SRS that include size and extension of tumor, presence of residual or recurrent tumor after surgery, age and pre-existing medical conditions of the patient, endocrinological activity as well as neurological manifestation. [31] The outcomes of SRS have been evaluated using one or more of three criteria: Subjective, neurological and radiological improvements. A comparison of the biological behavior of our case, which was proved histopathologically to be a paraganglioma, with those of previous studies is difficult, mainly for two reasons: a lack of histopathologic diagnosis in some cases which were primarily treated using SRS and the rarity of paragangliomas in the regions of sella turcica, cavernous sinus and Meckel's cave. However, it should be borne in mind that a paraganglioma in the region of Meckel's cave might not be completely benign, as our case showed multiple recurrences even after gross total or near total resection and despite the use of SRS.
Prognostic factors
Paragangliomas are listed under the heading "Neuronal and mixed neuronal-glial tumors" according to the 2007 WHO classification of tumors of the central nervous system. [38] Paragangliomas have remarkably uniform microscopic features; they are composed of nests of polygonal chief cells enclosed by trabecula of fibrous and sustentacular elongated cells. [11] There is little pleomorphism and mitoses are relatively rarely seen. The cells are agyrophilic and stain positively for neuroendocrine markers.
Although paragangliomas are usually benign tumors classified as WHO grade I tumors, they can display features of malignancy and manifest aggressive behavior, such as the possibility of metastasizing, which is rarely observed. [26, 56] Malignant paraganglioma of the sellar region may also mimic a pituitary macroadenoma. [56] In contrast to benign tumors, malignant paragangliomas tend to show focal necrosis areas as well as vascular invasion. Mitotic figures, which are atypical and occur very seldom in the benign cases, are usually seen in malignant paragangliomas. [32] On the contrary, some authors stated that foci of hemorrhagic necrosis and scattered mitotic figures as well as nuclear pleomorphism are not of prognostic significance. [38] On the other hand, it has been reported that anaplastic and metastasizing extracranial paragangliomas are either devoid or markedly depleted of sustentacular cells. [27, 28, 63] Although sustentacular cells are usually uniformly reactive for S-100 protein, sustentacular cells in our case did not show immunoreactivity for S-100. This could be an important finding that might explain the recurrences and aggressive behavior of the tumor in this case and be relevant to the previous medical literature. It should also be kept in mind that immunologic profile seems to vary slightly, depending on the type of paraganglioma. [71] Hence, histological criteria alone are not enough to predict the biological behavior of paragangliomas. [38] Tumor location has been reported to be important in determining recurrences and metastasis of paragangliomas. [28] Meckel's cave may be one such location of recurrent paragangliomas. A correlation of MIB-1 labeling and malignant behavior has been previously demonstrated in pheochromocytoma, [7] whereas there is no established relationship between indices and recurrence in intracranial paragangliomas. In our case, the significance of the, however elevated, Ki-67/ MIB-1 labeling index remains open, since the prognostic importance of Ki-67/MIB-1 labeling index in intracranial paragangliomas has not been well described so far.
Genetic factors have a role in the pathogenesis of paragangliomas. [1, 3, 42, 44, 46, 59, 60] Recent studies have verified that succinate dehydrogenase (SDH) gene mutations in germ line occur in at least 11% of nonfamilial head and neck paragangliomas, 8% of nonfamilial pheochromocytomas, 28% of malignant pheochromocytomas and 33% of extra-adrenal pheochromocytomas. [3] Recent studies have shown that at least one-third of paragangliomas are familial ones, which are often indistinguishable from truly sporadic paragangliomas. [53] However, the pathogenesis of a substantial percentage of truly sporadic paragangliomas is still unknown. We were unable to study the chromosomal changes in our patient. Nevertheless, our case was probably a sporadic paraganglioma, since there were no clinical indicators of familial paraganglioma, such as multiple, bilateral paragangliomas, coexistence of paragangliomas and pheochromocytomas, and young age of onset.
CONCLUSIONS
Although ectopic paragangliomas have been described in the literature, a paraganglioma atypically located in Meckel's cave makes a topographic correlation difficult, mainly because paraganglionic cells are usually not found in Meckel's cave. In the present case, there were no elements allowing for a distinct diagnosis of a paraganglioma-like meningioma as described by Tong et al. [64] Because SDH gene evaluation was not carried out in our case, additional genes and the role of SDH genes should be studied, especially those that are also involved in the pathogenesis of recurrent paragangliomas.
